Abstract-Wind power is sustainable, renewable and clean energy. There are abundant wind resources in Yunnan province, China. In recent years, wind power integration has developed rapidly in Yunnan province. With the first batch of the wind farm being built and a part of them going into production in Yunnan, the wind power resources will be large-scale developed and utilized in the future. Based on the wind power planning of Yunnan, the impacts of security and stability after wind power are studied in this paper. The major researches are made on the capacity analysis for accessing high-capacity wind farm, the analysis for power system voltage stability and comparison of different windgenerator model structures, thus finding out the most suitable choice for fan selection in Yunnan Power Grid.
I. INTRODUCTION
In the background of energy supply increasing tension and environment degradation, sustainable energy resources, particularly wind power, is on the list of developing priority in most countries of the world. Wind power gradually becomes an important component of electricity production with the environmentally friendly manner. Wind power's fluctuation, intermittence and less controllability increase difficulty of system operation, dispatching and control. Due to its high inter-temporal variation and limited predictability, integration of these new resources poses profound challenges to today's operating and planning practices.
The capacity of the installed wind power is continually growing in today's power systems. An increasing number of countries around the world are taking significant steps towards accelerating integration of wind power. The current rate of growth in the installation of wind farms could lead wind power to account for half of the total power production capacity in some countries in the foreseeable future.
Though environmental benefits clearly arise from such large-scale wind integration, new technical challenges are created for transmission system operators. Maintaining a balance between demand and production in the grid is handled with relative ease while the level of wind power penetration is small. In such cases, the wind power is generally treated as a negative load, as it reduces the overall demand; thus, the impact on system operation is small.
The approach to power system operation however, needs to be reevaluated when faced with large wind power penetration due to uncertainties associated with wind power generation (it cannot be scheduled with the same certainty as conventional power plants and it is not really dispatch-able).
Large-scale wind power integration could negatively impact system stability. Some studies [1] [2] [3] [4] [5] , have shown reduction in damping under a high level of wind power penetration. In addition, locations of wind farms (WF) are usually far from load centers as opposed to conventional power plants. This could easily lead to long-distance power transmission and line congestion which may significantly influence the generation profile and power flows and cause considerable impact on small disturbance stability.
Energy crisis keeps aggravating in recent years, so the government advocates renewable and clean energy. In China, the sum of wind power integration capacity in 2010 has reached 29.56 GW, which is 32 times higher than that in 2005. The average annual growth rate almost reached 100%. Yunnan has abundant wind power resources. On the basis of these characters, Yunnan Power Grid Company increases the investment on wind power. More and more large and middle scale wind farms go into production. With the large scale integration of wind power, the security and stability of the wind farm performance is the key problem immediately. This paper will introduce the wind resources of Yunnan, the model structure of typical wind generator and so on. According to the characteristics of Yunnan grid, it also analyzes the effect on the security and stability of the grid after the wind power integration. This article makes research based on the capacity analysis and voltage stability, and finds the solution by selecting wind power generators according to the practical data.
II. WIND POWER OVERVIEW OF YUNNAN POWER GRID

A. Wind Resources of Yunnan
The wind power resource of Yunnan province is quite rich. The estimated reserve reaches 122,910 MW, which is distributed widely. The area where average wind density is higher than 50W/m 2 per year occupies about 11.5% of the whole region, but the area where reserve is lower than that also gets 94,590 MW. It occupies 77% of the overall reserve of China, as shown in figure 1 . The areas where wind power resource is rich mainly gather in the east Qujing, middle south Honghe, middle Dali and so on. With the increase of altitude, the wind speed, average wind power density and effective duration increase. As a result, wind farms of Yunnan are mainly built on mountains.
B. The Plan of Wind Power Construction of Yunnan Grid
Up to now, Yunnan has planed the construction of 38 wind farms. It is expected that the total installed capacity will exceed 3000MW in 2020. Then wind power will become the third largest power resource after thermal power and hydropower. Figure 2 illustrates the wind farms distribution of Yunnan grid [1] .
C. Yunnan Grid with Wind Power Integration
The thermal power of Yunnan is mainly distributed in eastern area. Its installed capacity occupies 58.53% of the province. But the hydropower is mainly distributed in the west [6] . The distributing unbalance of thermal power and hydropower makes the grid performance in flood season quite different from dry season. In flood season, the power flow of 500kV main loop network is headed to the east from west. The hydropower generating capacity in western area gets weak, so the thermal power in the east is delivered back to the west. The power flow is headed to the network center, at which load is concentrated, through 500kV loop network, as shown in figure 3 . The west of Yunnan has rich wind power resources. The integration of numerous wind farms can improve the power flow distribution of the grid in dry season. With the support of wind power and hydropower, the pressure on thermal farms is reduced and the consumption can be avoided when electric power is transmitted from the east to the west. As the planning, once all the western wind projects get into use, the power demand of the west during dry season will be satisfied, as shown in figure4.
D. Load and Wind in Yunnan
The data based on years shows that the difference between peak and trough of Yunnan Power Grid is around 40%. With the implementation of national energy conservation policy, the proportion of high energy consumption enterprises is decreasing, while the tertiary industry and living relative increase in the proportion of electricity. The annual average daily loading rate and the minimum load rate show a small drop trend and the peakvalley difference will continue to increase.
According to the data from Yunnan Power Grid, Yunnan Daily Load morning peak usually occurs at 10:00-11:00 and 19:00-21:00, while the daily load lowest value appears in the night 1a.m-5a.m.
The daily wind process line has a trough and a peak. The monthly average wind speed at the process line statistics ( Figure 5, Figure6) , the trough generally appears in the 11-13a.m, accounting for 88.24%; the peak generally appears in the 17-20 accounting for 53.34%, 22-24 accounting for 26.54%, and 20% occurred in the early morning. Wind windy day peak season usually appears before 20 o'clock. The small wind speed peak appears at after 20 o'clock delaying until the early morning [2] . 
III. WIND SPEED AND WIND-GENERATOR SET
A. Wind Speed Model
For simplifying the calculation in practical engineering, wind speed can be decomposed into basic wind W V , gust Wg V , gradual change wind WT V and random noise wind
Basic wind mainly determines the basic output power of wind-generator set. It does not vary with time and can be determined approximately by parameters of Weibull Distribution from the wind data measured by wind farms. Gust is used to describe feature of sudden change of wind speed. Therefore we can study the dynamic characteristic under the disturbance of high wind speed with the feature of gust. Like gust, gradually changed wind describes the gradual change characteristic of wind speed. Random noise wind describes the random feature of wind speed. In practical applications, wind speed W V is the integration of the four kinds of wind speed above.
B. Wind-generator Set
The simplest application of wind power is to transform it into electric power through wind-generator, which is constituted by wind turbine rotor, generator, directionchanger, and tower, safety device for speed limit and energy storage device. The principle is that the wind turbine rotor is drove by wind and transforms the power of wind into mechanical power, which is then converted into electric power by spinning the wheel axle of the generator. Figure 7 illustrates a typical model of windgenerator [8] . The equations of wind power and torque of windgenerator [9] :
where P w : The wind power obtained by the blade of fan. T w : The torque of the blade of input fan.  : air density of wind farms. C p : coefficient of wind power transforming efficiency. R: radius of blade. V w : speed of the wind which acts on the blade. 1  : mechanical angular velocity of wheels. S n : benchmark of system capacity The equations of axis operation of wind-generator: Wind-generator can be divided into two classes that are constant speed constant frequency and variable speed constant frequency. When fixed speed generator outputs active power, it also absorbs reactive power. Fixed speed wind-generator is not capable of adjusting voltage, so it needs reactive power compensation device to do that. Variable speed constant frequency wind-generator is able to adjust voltage. It outputs active power and reactive power at the same time, and it can regulate its reactive power within a certain range according to the demand of system [10] .
IV. ANALYSIS FOR THE WIND POWER SECURITY AND STABILITY OF YUNNAN GRID
A. Influence on the Grid with Wind Power Integration
The basic model of power system with wind farms is illustrated in figure8. After the large wind power integration, there may be much negative influence on the operation of the grid. As follows:
1. Wind resource is different from hydropower, nuclear power and so on. It has the characteristic of random and intermittently. Therefore the output power has volatility. It may make the operation of grid unstable.
2. The operation of the power and electronic components of wind-generator sets can cause harmonic wave interference.
3. The operation of wing plants consumes a lot of reactive power. It needs reactive compensation devices to solve the problem.
B. Analysis of the Wind Accommodation of the Grid
Wind accommodation is a crucial indicator. The grid has two indicators to assess the wind accommodation ability [11] 
Wind power penetration limit describes the max wind power capacity that the grid can endure. It relates with the strength of the network, the system peaking capability and the change law of wind power and load.
2. Wind farm short-circuit capacity ratio Kc: Ratio of the wind farm rated capacity (Ps) and the short-circuit capacity at the common junction of wind farm access system (P sc ) [13] .
Short-circuit capacity ratio describes the ability of system to endure the disturbance of wind. But now, there is no global consensus on what value is proper for the two wind farm measurement indicators.
According to the latest further research on wind power integration by America, Germany and other countries, the preliminary conclusion considers the wind capacity can occupy over 20% of the whole grid. According to the research of European Wind Energy Association, under the current level and condition of the grid technology, the economic and policy have greater effect than technology and practical operation.
C. Influence on Voltage Stability from Wind Power
Most wind resources gather in areas with high altitude and remote district. Local power system network is not developed well with weak structure, low level of industry and low demand for power. After wind power integration, excessive local power needs to be transmitted to main grid by boosting through 1-2 level transformers to form remote transmission. For the volatility of wind, the grid will face the problem of adjusting reactive power and may cause local oscillation.
V. SOLUTIONS FOR SECURITY AND STABILITY
A. Reactive Power Compensation Mechanism
Wind has random and volatility characteristic, so the power quality cannot be ensured. Reactive power compensation devices are needed for improving the quality of the grid after integration. According to the research and experiment, dynamic SVC is the most popular reactive power compensation device.
SVC has many kinds, such as TSF, TSC, MSC, MSR and so on. Each has its own control strategy and feature. The SVC of TCR is used widely now. But TCR has shortage of high cost, taking large area, complicated maintenance. Voltage adjustable SVC has low cost and simple maintenance. Besides, it will not generate harmonic wave, but it cannot adjust reactive power constantly. Although SVC is the mainstream nowadays, there is still a drawback that its output power will decrease with the falling of system voltage. The new static synchronous compensator STATCOM is used in the wind farms abroad. On one hand, it can absorb and output reactive power dynamically and adjust the voltage of system. On the other hand, it has the advantages of low voltage penetration ability, modular design and less maintenance. Moreover, its cost is high. Therefore it is hard to popularize STATCOM in domestic market.
B. Power Peaking in Yunnan
Whether the ability of peaking capacity meets the peak load is the most important to analysis the power peaking. When the actual power output, the peak load (P H ) for the grid as [13] : 
P Loss presents grid losses and P Plant presents power plant each. Generally system will leave spare capacity, so the power supply capacity is ,max
Trough power load is decided by the peak load rate and minimum load rate  , the formula is:
So the maximum capacity acceptable wind power is:
,min
 presents the minimum output rate for the unit. Integrated whole power peaking, the capacity accepted wind power is [14] :
From the formulas above show that the wind power capacity and power peaking is closely linked. When the wind farm capacity reaches a certain size, the wind farm output intermittent and random will effect on the grid frequency significantly. To compensate for fluctuations in wind farm output, we need to have other units within the system response speed is fast enough, that's the climbing ability. To ensure safe and stable operation of power grid, power grid has to aside with considerable spinning reserve capacity based on grid wind power capacity.
C. Proper Selection of Wind-generator Sets
Wind-generator set selection is crucial for solving the security and stability problem of wind power integration. When making the choice of generator model, one should consider about the influence of operation characteristic on the power system, which is a very important factor especially for the wind farms with weak grid structure [15] .
Wind-generator set has two categories that are constant speed constant frequency and variable speed constant frequency. Constant speed set has been used in domestic wind farms. It has simple structure, stable operation and low cost. However there are still some problems. For one thing, it will influence the stability and security of the power grid that constant speed constant frequency wind power generator system which is affected by the random and volatility of wind couples with the power grid. For another, the wind power generator is an inductive asynchronous electric motor, which will absorb reactive power from the grid during integration. With large scale wind farms integration, more reactive power will be absorbed. Terminal voltage will decrease with the increase of active power output. Variable speed constant frequency doubly fed induction generator can realize the decoupling control of active and reactive power. It can function as a reactive power compensator and capture as much wind as possible. It is good for the stability of grid, but the set is of complicated structure and high price and will bring harmonic wave to the grid. Variable speed constant frequency doubly fed induction generator is one of the most popular wind-generator set now [14] .
Yunnan grid wind farm in Dacaohai has the largest capacity in the province. The data gotten by Dacaohai wind farm with different wind-generator set is illustrated in figure 9 , figure 10 In figure 9 , the value of zero output is quiet different from the value of full output. Asynchronous constant speed wind-generator set makes large fluctuation. 
VI. CONCLUSION
Yunnan province has rich and widely distributed wind resource, so it is great worth for developing wind power. It is important to insist the plan of renewable energy, develop wind power, enlarge the renewable proportion of the overall energy of the province, and finally form the structure which is based on thermal power, supported by wind power and hydropower. Large scale integration can support the grid during dry season.
Some characteristics of wind farm can also cause problems with large scale integration. Establishing mechanism on power prediction of wind and correcting generating plan according to the random of wind can relieve the influence and improve the security and stability.
Wind power will be well developed in Yunnan Province, P.R. China. With the improvement of technique, the large scale wind integration will be more secure and stable.
